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SECTION 1 
INTRODUCTION 


1.1 PURPOSE 

This document describes in detail the standard fleas of theC4O0)CPU. The description 
is in the form of flowcharts that provide a highly accurate and’consistent source of information 
regarding the eperciicn of the(4O0)CPU. 

1.2 REFERENCE DOCUMENTS ee 


This document assumes a general knowledge of the Beevers of the 400) CPU as described 
in the following document: 


Title | _ Document Number 
Processor, Central (400) HPS 98 Al 177 
XMIDAS Usage Description = 81W0306-031 
PROM, (400)CPU 3  -49A0369 
$ 
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SECTION 2 
FUNCTIONAL DESCRIPTION 


2.1. | FLOWCHART CONCEPT 


The flowcharts are a visual aid to understanding the firmware as well as a precise method 
of documentation. It is a picture showing each microword and the sequence in which 
they are executed. With the aid of consistent abbreviations and interconnection, the 
reader can grasp the overall pattem of Sperrticn as well as the detailed operation of 
each microword. 


~ 


2.2 FLOWCHART STRUCTURE 


Each microword of the available 1023 that is used by the CPU appears as a box some- 
where in the flowcharts. One and only one box is present for each microword. Unused 
mic rowords do not -ppear since they ore meaningless and are never executed. 


Each box is identified by a control store address ad a mnemonic. The address appears 
above the box on the right-hand side and is a hexidecimal representation of the address 
applied to the control store to produce the microword which is then loaded into the control 
store buffer and executed. The address is in the range 000 to 3FF. The second identifier 
isthe. mnemonic located above the box ond to the left. This ninemonic is assigned to the 
microword for easy identification end allows function ol grouping of microwords without 
regard to address. Each word has a unique mnemonic. anid address and “ppears only once 

in the flowchart. : 
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The boxes are interconnected by lines showing the possible routes that can be taken 
through microland. Each microword describes the addressing and, together with various 
conditions, determines the next microword in sequence. Where a connection goes off 

the page, a balloon is supplied with the mnemonic of the destination micro ér one of 

the destinations if a field select goes off the page}. Below, the balloon isthe page number 
where the destination is found. On the destination page, an identical baloon is shown 
near the top to define the entry point and connects to the next micro in sequence. 

Balloons entering a page show page numbers of all sources that use the page connect 


balloon. 


a a 


Tisieig are three special connections that deviate from the balloons as follows: 


ee Decoding an-‘instruction ° 
2) * foberrupts 
‘) aa Subroutines 


When an instruction decode is performed, the connector goes toa box with "TO NEXT 
INSTRUCTION" in it. Depending on the next instruction in the Instruction Buffer (IB), 
the sequencing will go to one of various microwords. This word is determined by looking 
up the mnemonic in Appendix A which references a page number. That page will have 
another box. with "FROM DECODE" in it with that instruction referenced nearby. 

This is the entry point for the next microword. 


When any interrupts are allowed by the CPU, a diamond will appear below the microword 
with "INTERRUPT." designating the sideward path. If an interrupt is pending, take this 
path. A balloon will take you to a decision tree describing which interrupts are allowed 
and where the next micro is found. This is the orfly case where a balloon does not contain 
a microword mnemonic. In this case, if contains INT and a binary representation of the 

interrupt-allow bits of the control word. 


When a subroutine is called by a microword, another box is shown with pointed 
sides. This box indicates a subroutine and the flow sequence after the subroutine returns. 
Inside the box is "SUBR" followed by the mnemonic of the first microword of the subroutine 
(i.e., the next microword to be executed). Outside the box is the page number containing 
the ‘starting’! ::. point of the subroutine. On that page you will find an identical box 
showing the entry point of the subroutine. Whena return is invoked, another box with 
~ pointed sices will appear with "RETURN" in it. This causes a return to the microword 
following the last call. 2 + - 


Another structural device is the conditional branch diamond. Whenever, a conditional 
branch opcode appears ata micro, one of two paths may be taken. If the condition is met, 
the path to the side of the diamond is taken. This may be to the right, or left for convenience 
of drawing. However, if the condition specified is not met, flow is out the bottom and. 
leads to the here-plus-one address. 
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The last structural device described here is the important field select. Here a multi-way 
branch is specified as a result of a field select operation. Each of the possible destinations 
is labeled by the hexidecimal representation of the field value. Thus if a two bit. field of 
the Instruction Register (IR) is specified, there will normally be four destinations: 0, 1, 2, 
or 3 depending on the value in the Instruction Register. Sometimes fewer destinations are 
shown because it is impossible to be ata certain microword with that particular field value 
without a processor malfunction. In that case, analysis of the control word is: necessary to 
determine the next location. Finally, if a balloon is required ata field select, the 
mnemonic is chosen to be of the smallest address even though another microword may be 
the actual destination. 


2.3 MICROWORD DESCRIPTIONS 


The description of each microword is contained in the corresponding box of the flowcharts. 
The box is divided into two halves. The left half corresponds to the left half of the micro- 
word; likewise, the right half corresponds to the right half of the microword. Functions 

of the left half include selection of the next microword, 16 bit literal value, or specialized 
control functions while the right half specifies memory requests and data loop pperarions: 
Table 2.3 summarizes the two halves. | 


TABLE 2.3 - CONTROL WORD HALVES 


Left Half Right Half 
- Selection of next microword = Memory requests 
- Literal values ~ Data loop operations 


- Specialized control functions 


The formats of the various microword types are specifically defined. The position of each 
item must appear in the box not only as defined but in the proper location. This consistency 
is maintained for ease in learning and understanding. The following sections present the 
various formats of the microwords . 


2.3.1 Right Half 


The format of the right half is shown in Figure 2. 3.1. An optional memory request: is always 
the first item. The memory request definitions are as follows: 


IF Instruction Fetch - Requests a memory fetch with data directed to the 
Instruction Buffer (IB) and Memory Data register (MD). The address is 
the 15 LSB's of the ALU output. This causes a waif if memory is not 
available. A wait inhibits the processor clock and the waiting microword 
remains in the control buffer until the wait condition is met. 
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FIGURE 2.3.1 - RIGHT HALF 
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FIGURE 2.3.2 - CONDITIONAL BRANCH 
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FIGURE 2.3.3 - BRANCH 
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Operand Fetch - Requests a memory fetch with data directed to 
the Memory Data register. The address is the 15 LSB's of the 


_ALU output. This causes a wait if memory is not available. 


Operand Store - Requests a memory store using the address 
specified by the 15 LSB's of the ALU output. Data is a full 
word put into the Store Data Register (SDR) in the following 
micro. This causes a wait if memory is not available. 


Operand Store Right Byte - Requests a memory store using the 
address specified by the 15 LSB's of the ALU output. Data is 
the 8 LSB's of the word put into the SDR in the following micro. 
This causes a wait if memory is not available. 


Operand Store Left Byte - Requests a memory store using the 
address specified by the 15 LSB's of the ALU output. Data is 
the 8 MSB's of the word put into the SDR in the following micro. 
This causes a wait if memory is not available. 


No memory request is made. 


No Operation - Used if the entire right half is unused and 


- causes nothing to happen. 


In the second position of the right half is an optional function designator. The function 
definitions are as follows: - 


Register - References registers 0 through 7 of the register file. 


Working Realises - References eorbing registers 0 through 7 
of the register file. 


Proarath Counter -A working register used by the(4 OO)CPU 
asa pseudo Program Counter. It indirectly keeps track of the real 
Program Counter. , 


Q Register - An intermediate holding and shift cet 


Literal - A constant value specified by the entire left half of 
the microword. 


Memory Data - Contents of the Memory Data register. If the 
register is 'empty', this microword will cause a wait until the 
MD has been 'full" for at least one clock period. An MD 
reference will cause MD to become ‘empty’. 
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IB Instruction Buffer - Contents of the Instruction Buffer. If the 
register is 'empty', this microword will cause a wait until the 
IB has been 'full’ for at least one clock period. An IB reference 
will cause IB to become ‘empty’. 


IR Instruction Register - Contents of the Instruction Register. 
BC Boot and Console - A sixteen bit word whose 4 MSB's are the 
: Boot PROM contents currently addressed by the IR and whose 


- 8 LSB's are the current console character from the UART. The 
remainder of the word j is zeroes. 


10 | : 7 Input Output ~ Input data from the IO bus. 


Preceding the function may be a shift modifier that ey on the result of the function. 
These are defined as follows: 


SHR ARITH Shift Right Arithmetic - The value of the function that follows 
| is shifted right with sign extension. 
ROT RIGHT j Rotate Right - The value of the function that follows is rotated 
: ‘ right. : 
SHR LOG Shift Right Logical - The value of the function that follows is 
- shifted right with a zera shifted into the MSB:. ° 
SHL LOG | Shift Left saieate= The vale of the eciee that fellows is 
| | shifted left without regard to a sign bit. , 
ROT LFT | Rotate Left - The value of the function a follows is rotated 
deft. | 
SHR MUL | Shift Right Multiply - Special multiply iteration. 
SHL DIV shift Left Divide - Special divide iteration. 


Ifa function is provided, a dectivation phrase must follow. It consists of a right arrow 
followed by a destination described below: | 


Q | es As defined above 
RO-R7 ss defined above 
W1-W7 As defined above 
P _ As defined above 
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IR As defined above 


CON | Console.- The 8 LSB's of the ALU output are directed to the 


console UART. 
lo | Input Output - Data is output to the IO bus. 
MPM Memory pisieci Mask = ALU data bits 6and 7 are directed is 
_ the MP Mask. _ | 
MPD _ Memory Protect Data ~ QB00 is entered into the MP RAM. 
SDR , Store Data peutieg = Data to bs stored " the seats store 


request made in the previous microword. 


ALU Arithmetic and Logic Unit - Actually a default destination 
| when none of the above are selected. 


ee ar 4 Conditional Branch 


The format of the Conditional Branch microword is shown in Figure 2.3.2. CB must appear 
at the top as its opcode. A conditional equation always follows with one of the following 
definitions: | : | 


Fi thru FS Flags - The state of one of the four CPU flags. 


MPTST Memory Protect Test - Special condition peculiar to the Memory 
Protect feature. 
TWI : | re Word Instruction = Indicates the length of the most recent 
instruction. . 

TPIN Trap In - fadieates a pending trap-in 1O request. 

TOUT Trap Out - Indicates a pending trap-out IO request. 

TRAP | Trap - Indicates nee a pending trap-in or a trap-out IO request. 
IUR © cue Request ~ Indicates a pending IO interrupt. 
‘SER Sense Request - The sate line on the IO bus. 

PFUT Power Fail Up Test - Indicates power is coming up rather than 


going down. 
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EAUTC 7 Extended Arithmetic Unit Test Condition = An external condition 
from the EAU interface. 


MPRA Memory Protect Request (A) - Indicates a ipend|ng memory protect 
interrupt. 
Oss | | Operation Status Sign - The sign fie the any function in the 


previous microword. 


OSZ Operation Status: Zero - The ALU function was zero Fi the — 
previous microword. 


OSC Operation Status Carry - The carry of the ALU function in the 
previous microword. 


OVFL Overflow - The overflow status bit. 


SCEMI] | Shift Counter Equals Minus One - The counter portion of the 
—  IRisall ones. . 


T620F ‘Test 620F - The special test function for conditional instructions. 


NDTST ~ | Indirect Test ~ Bit 15 of the ALU input is low or SCEMI is true. 


Used for terminating indirect loops. 


TXRDY Transmitter Ready - Console UART is ready to accept another 


character. ‘ | 
TYDR Teletype Data Ready - Console UART has received a character 
| ei of data. . 
STABL Start ABL - The "LOAD" switch on the panel has been activated. 
DIN 15 bats, Input (15) - The MSB of the data to the ALU. 
G00 Q Buffer (00) Bar - The LSB of the Q register generated by the 


previous microword. 


Zeaee Branch 


The format of the Branch microword is shown in Figure 2.3.3. BR must appear at the top as 
its opcode. Nothing else appears in the left half. 
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2.3.4 Page Branch 


The format of the Page Branch microword is shown in Figure 2.3.4. PBR must appear at the 
top as its opcode. An optional CALL may appear below if a subroutine call is performed. 


2.3.5 Literal 


The format of the Literal microword is shown in Figure 2.3.5. LIT must appear at the top 
as its opcode. A four place hexidecimal value follows indicating the literal value. 


2.3.6 | Field Select 


The format of the Field Select microword is shown in Figure 2.3.6. FS must appear at the 
top as its opcode. A field designation follows consisting of from one to four bit positions. 


223.7 Flag 


The format of the Flag microword is shown in Figure 2.3.7. FLG must appear at the top as 
its opcode, A transfer follows indicating the flag operation. Optional special control 
functions may follow as defined below. 


2.3.8 Control 


The format of the Control microword is shown in Figure 2.3.8. CNTL appears at the top 
as the opcode. Following is one or more miscellaneous contro! designations from the list 


below. 

DECODE OAR there are no allowed interrupts, the next micro is determined 
by the instruction in the IB. This next micro is determined by 
the decoder logic. If the IB is 'empty', this causes a wait 

until IB is full. Execution of the decode will cause IB to go 
‘empty:. 7 

RETURN « This causes the next microword to be addressed by the Subroutine 
Return register (SR). This is used to return froma subroutine 
initiated by a PBR CALL. 

SET TIF . Set Interrupt Instruction Flag - Control interrupts during an 
interrupt instruction. . 

RTC DISABLE Disables the Real Time Clock interrupt. 

RTC ENABLE _ Enables the Real Time Clock interrupt. 

MP DISABLE Disables Memory Protect logic. 
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HEX VALUE 


FIGURE 2.3.5 ~ LITERAL 
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FIGURE 2.3.7 - FLAG 
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FIGURE 2.3.8 - CONTROL 


OPCODE 
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“FIGURE 2.3.9 = INPUT OUTPUT 
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MP ENABLE Enables Memory Protect logic. 


MEM ERR). Disables Memory Error logic. 
DISABLE 

MEM ERR Enables Memory Error logic. 
ENABLE 

INIT CON Initializes the console UART., 


RESET DTA RDY Resets the data ready condition of the console UART. 


SET STEP Sets the step interrupt flip-flop which creates a step interrupt 
a aah 


RESET STEP Raven the step ‘ieeuas flip-flop. 

RESET ABL : Resets the ABL request activated by the panel. 
MCLR ENABLE Enable the master clear lagte. | 

MCLR DISABLE Disables the master clear logic. 


& RESET ~ 2. - Reséis the status overflow. 
OVERFLOW 


ya a ae Input Output . 


The format of the Input Output microword is shown in Figure 2.3.9. 10 appears at the top 
as the opcode. Following is always a wait condition from the list below. 


WC =0 No wait epectfted: 

WC =1 Wait for IACK1+; allows time for data resolution on the IO bus. 

WC =2 Wait for 1OC1+; allows time for interrupt synchronization on the 
IO bus. 


Following the wait condition may be special IO functions listed below. 
DRY Data Ready - Issues a data ready onto the IO bus. 


FRY - os... Funetion Ready —~ Issues a function ready signal onto the IO bus. . 
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SINTF _Set Interrupt Flag ~ Stops the interrupt clock and issues an 
IUA X to the IO bus. 


RINTF Reset Interrupt Flag - Starts the interrupt clock and removes 
IUAX from the IO bus. 


2.4 MICRO ASSEMBLY LISTING 


The output listing of the ilerosaaeaibler (XMIDAS) is provided in Resaiats B. This 
output was generated along with the 400) fi Firmware and is supptied for reference. 


25. .* FUTURE CHANGES AND UPDATES 


The (€400)flowcharts are hungry for any fix or update no matter how small. Please forward 
even the smallest flaw to the mompuler Development department and you will be acknowl- _ 
edged and praised. 


The page designators near the balloons are an important part: of the flows. They should be 
consistent and kept up-to-date. Other items to watch are listed below. 


1, Flowcharts must be consistent. 

2. Paper is 'C" size vertical vellum with borders and title block. 

3. Boxes ar€ no less than 2" wide and 3/4" high. 

4, Boxes will be in two halves, left oat nny right half data loop. 

on The conditional branch format requires a condition equation .’. 2 
The condition is to the left of the equals sign. The value of the M Field i is 
to the right. If the equation is satisfied, the yes (Y) branch is taken always 
out the side. The no(N) for Here Plus One is always out the bottom. 


6. Labels can have up to six letters or numbers; address is hexidecimal. 


7, Connector balloons always have label of destination. Off page connections 
~ are shown near the balloon with all pages and labels. 


8. Input balloons are nearest top of page while outputs are nearest bottom. 
9. Merging of two lines are angled to indicate direction of flow. 
10. Side notes are used to describe incoming conditions and important values 


currently at the ALU output, etc. 
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11. Mnemonics, symbols, and operations must be standardized and consistent. 


12. Parentheses are not used for "the contents of". (e.g. RI means "the contents 
of RI." 
13. ‘The control side of the box begins with the format designation. The data 


toop side begins with memory starts (if any) and then the ALU function. 


7 kK 


14, Connectors may be drawn into the side of boxes if space requires it. 
15. Page references must reflect all sources and destinations. 
; 
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APPENDIX A 
FROG FLOWCHARTS 


fable of Scofents: 

Standard States — | | 3.0 

Single Word Addressing 4:0 
Divide Routine «7.0 

Multiply Routine | — 8.0 

Extended and Immediates - | | 9.0 
Shifts and Rotates , 16.0 

Register Transfer/Modification 21.0 

Conditional Jumps | 23.0 

Jump and Marks/Executes ; 24.0 

Indexed Jump (IJMP) — 26.0 

Jump and Set Return (JSR) 27.0 

Bit Test (BT) ; 28.0 

Skip on Register Equal (SRE) 29.0 

Control | a < 30.0 

Register to Memory/Double Precision 31.0 

Byte Addressing 37.0 
Jump IF | 39.0. 
Register to Register/Single Register/ 40.0 

Immediates 

Pregndmmed lO 3 | 42.0 

. Interrupts | 53.0 
FoplO 56.0 
Halt Loop 57.0 
| Auto Boot Loader 64.0 
Pascal Decoder 65.0 
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